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er provides, separately manufactured, con- 
ductive pathways, on a wafer level, which may be coupled 
to a wafer of fully fabricated integrated circuits. Such 
conductor carriers include an insulating body having two 
major surfaces with conductors disposed on each of those 
surfaces, and conductors disposed within the insulating body 
so as to provide signal continuity between various conduc- 
tors on each of the two surfaces. An assembly can be formed 
by permanently or removably attaching the conductor carrier 
to the wafer. Conductor carriers may include an evacuation 
pathway suitable for removing air, or other gases, from 
between the conductor and the wafer so as to create a 
pressure differential that urges the conductor carrier into 
contact with the wafer. Conductor carriers may include a 
groove which is suitable for receiving a sealing ring; and 
p which is suitable for providing 



15 Claims, 5 Drawii 



^_ 




U.S. Patent Jan. 31,2006 Sheet 1 of 5 US 6,991,969 B2 




U.S. Patent Jan. 31,2006 Sheet 2 of 5 US 6,991,969 B2 




Fig. 3 



U.S. Patent Jan. 31,2006 Sheet 3 of 5 US 6,991,969 B2 




Fig. 4 



U.S. Patent 



Jan. 31, 2006 Sheet 4 of 5 US 6,991,969 B2 




Fig. 5 



U.S. Patent Jan. 31, 2006 Sheet 5 of 5 US 6,991,969 B2 




Fig. 6 



US 6,991,969 B2 



METHODS AND APPARATUS FOR 
ADDITION OF ELECTRICAL CONDUCTORS 
TO PREVIOUSLY FABRICATED DEVICE 

FIELD OF THE INVENTION 5 

The present invention relates generally to manufacturing 
and assembly of electronic devices, and more particularly 
relates to methods and apparatus for providing additional 
electrical conductors for an integrated circuit, a microelec- k 



ites, a street map suitable for 
sawing operation, and observ- 
location corresponding to the 
i a corresponding wafer. 



ocation of the informatic 

SUMMARY OF THE INVENTION 



BACKGROUND 



acing a finished integrated ci 



tilable tc 

the lower layers of those integrated circuits. 

In conventional integrated circuit manufacturing pro- 
cesses it is common for terminals, such as those mentioned 
above to be brought into contact with probes for testing, and 
further to be contacted with bond wires or solder bumps for 
connection of the integrated circuit to a package, board, or 

Conventional integrated circuit manufacturing processes, 
typically produce fixed electrically conductive pathways, in 
the form of lines of metal, metal alloys, or metal laminate 
stacks. Generally these metal lines are unchangeable by the 

is noted that, it is known to make minor changes to the fixed 
interconnect pattern subsequent to the conventional manu- 
facturing process by means such as laser editing, fuse 
blowing, or focused ion beam cutting or deposition. How- 
ever, these methods are not suitable for making any large 
scale changes to the fixed interconnect pathways of indi- 
vidual integrated circuits, and certainly are not suitable for 
making such changes to a large number of integrated circuits 
as would be found in a manufacturing environment. 

BRIEF DESCRIPTION OF THE DRAWINGS 



invention is a structure mat provides additional conductive 
pathways, on a wafer level, which may be coupled to fully 

5 fabricated integrated circuits. Such a conductor carrier may 
comprise an insulating body having two major surfaces with 
conductors disposed on each of the two major surfaces, and 
conductors disposed within the insulating body so as to 
provide signal continuity between various conductors on 

D each of the two major surfaces. An assembly can be formed 
from the wafer, which includes integrated circuits, and the 
separately manufactured conductor carrier. In such an 
assembly the conductor carrier may be permanently or 
removably attached to the wafer. 

5 In a further aspect, such conductor carriers may include an 
evacuation pathway suitable for removing air, or other 
ambient gases, from between the conductor and the wafer so 
as to create a pressure differential that urges the conductor 

In a still further aspect, such conductor carriers may 



er sawing operation 
DETAILED 



suitable for providing guidanc 



integrated circuits on a wafer, subsequent to the manufac- 
turing of the integrated circuits disposed on that wafer. 

Various embodiments of the present invention provide, on 
a wafer level, a facility for adding additional interconnec- 
tions to fully fabricated integrated circuits. Conductor car- 



having a plurality of fabricated integrated circuits thereon, 
and a wafer-scale conductor carrier, in accordance with the 
present invention aligned for connection with the substrate. ( 
FIG. 2 is a schematic cross-sectional view of a wafer- ' 
scale conductor carrier illustrating an evacuation pathway in 



ceiving a sealing ring. 



wafer-scale 
[ustrating a circumferential groo\ 
nation pathway port, and an array 



Reference herein to "one embodiment", "an embodi- 
ment", or similar formulations, means that a particular 
feature, structure, operation, or characteristic described in 
connection with the embodiment, is included in at least one 
embodiment of the present invention. Thus, the appearances 
of such phrases or formulations herein are not necessarily all 
referring to the same embodiment. Furthermore, various 
particular features, structures, operations, or 
may be combined in any suitable manner i 
embodiments. 



groove, Terminology 



ay also be referred to as 
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>e made of se 

emiconducting and non-semiconducting 



several layers of metals and/or metal alloys, that are present, may be referred to as vacuum attaching. It is further noted 

typically, at the uppermost layer of conductive material of an that evacuation sealing means 216 may be a mechanical 

integrated circuit. Such pads are also sometimes referred to valve. In one illustrative embodiment the valve is a built-in 

as bonding pads, or chip pads, and these terms are well flapper valve. Alternatively, evacuation sealing means 216 
understood in the integrated circuit industry. Contact pads 10 may be an adhesive tape. In some embodiments of the 

are terminals which provide for electrical connection to be present invention which use an adhesive tape as evacuation 

made between the integrated circuit and external devices. sealing means 216, the adhesive tape may be removably 

In an alternative method of providing electrical connec- attachable, 

tions to devices external to the integrated circuit, gold As can be seen in the figures, vias 112 need not have 
bumps, solder bumps, or solder balls, are used rather than is pathways that are solely perpendicular to major surfaces 

the contact pads described above. It is noted that either 104, 106. In fact, as indicated in the figures by at least some 

contact pads, gold bumps, solder bumps, solder balls, or any vias 112 having at least a portion of their paths in a direction 

other form of terminal suitable for external connection that of travel that is parallel to major surfaces 104, 106, conduc- 

embodiments of the present invention. 20 conductive interconnect lines. 

The expressions, laser cutting, laser editing, laser etching, » is noted that more than one evacuation pathway may be 
laser machining, laser micro-machining, laser processing, present in a conductor carrier. Further, in those instances 
laser scribing, and similar terms and expressions are some- where a plurality of evacuation pathways are present in a 
times used interchangeably. As used herein, these expres- conductor carrier, more than one evacuation pathway may 
sions refer to a process of removing material from a work- 25 be employed in evacuating air, or other gases, from between 
piece by exposing that workpiece to the output of a laser. the conductor carrier and the wafer. 

In an alternative embodiment, a membrane pump, rather 
The Apparatus maQ a pressure differential source, may be used in connec- 

Referring to FIGS. 1 and 2, an exemplary apparatus 100 tion with evacuation pathway 214. Such a membrane pump 
for adding post-fabrication conductors to one or more uosin- 30 js known to operate by means of preferentially passing in 
gulated integrated circuits in accordance with the present one direction, the gas or gases to be removed. In one 
invention is shown. Apparatus 100 typically includes an embodiment of the present invention which utilizes the 
electrically insulating body 102 having a first major surface membrane pump, an inert gas such as, but not limited to 
104, and a second major surface 106. Apparatus 100 may be nitrogen, is introduced into the space between the wafer and 
referred to as a conductor carrier. Insulating body 102 can be 3S the conductor carrier. In one embodiment of the present 
made from any thin, flexible dielectric material upon which invention, the inert gas is introduced at a pressure that is less 
a conductive material will adhere. A first plurality of elec- than atmospheric pressure. This can be used as a mainte- 
trical contacts 108 is disposed on first major surface 104 of nanC e feature by which undesired atmospheric components 
body 102. In some embodiments of apparatus 100, each of are preferentially kept out of the space between the wafer 
the first plurality of electrical contacts 108 has a thickness w an d me conductor carrier, and/or lower pressure is main- 
which is less than a first thickness, and an area less than a tained. 

first area. Similarly, a second plurality of electrical contacts Conductor carrier 100 is adapted for attachment to a 

110 is disposed on the second major surface 106 of body substrate such as wafer 120 shown in FIG. 1. It is noted that 
102. In some embodiments of conductor carrier 100, each of the conductor carrier is typically thinner than the wafer to 
the second plurality of electrical contacts 110 has a thickness 45 which it will be attached. It is further noted that conductor 

second area. It is noted that although the illustrative embodi- a n outer perimeter of wafer 120 when conductor carrier 100 

ment of FIG. 1 is shown with electrical contacts 110, it is js centered over wafer 120. A plurality of electrical contacts 

within the scope of the present invention to provide electri- 122 of various integrated circuits disposed on wafer 120 are 

cal pathways as well, so that the placement, or arrangement 50 also illustrated in FIG. 1. It can be seen that conductor 

of electrical contacts 110 are not restricted to any particular carrier 100 and wafer 120 have been aligned so that when 

location on conductor carrier 100. attached, the electrical contacts may be appropriately made. 

It is noted the electrical pathways and contacts may be FIG. 1 also illustrates an embodiment of the present inven- 

made from metal, metal alloys, or any other suitable material tion in which conductor carrier 100 has a diameter that is 

for carrying a signal, such as, but not limited to, electrically 55 less than that of wafer 120. The assembly formed by the 

conductive polymers. Gold, nickel plated copper, and con- attachment, either permanent or removable, of the conductor 

ductive elastomers are examples of materials suitable for carrier to the wafer, may be used in various operations in 

forming the electrical contacts and pathways. which the wafer alone normally participates. By way of 

Conductor carrier 100 further includes a plurality of example, and not limitation, the assembly may be used for 

electrical vias 112 disposed in body 102, between first major 60 burn-in, wafer probe (i.e., the testing of integrated circuits 

surface 104 and second major surface 106 so as to provide while still in wafer form), and general wafer transportation 

electrically conductive paths between at least a portion of and wafer handling. That is, for many purposes, the assem- 

the first plurality of electrical contacts 108 and a correspond- bly comprising the wafer and the attached conductor carrier, 

ing portion of the second plurality of electrical contacts 110. may be treated in the same manner as a wafer. The wafer 

In the illustrative embodiment of FIG. 2, the conductor 65 effectively provides support for the conductor carrier, 

carrier further includes an evacuation pathway 214 disposed Referring to FIG. 3, a schematic cross-sectional view of 

in electrically insulating body 102, and an evacuation path- a wafer-scale conductor carrier 100 shows a circumferential 
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groove 302 suited for receiving a sealing ring. A sealing ring 
invention, the O-ring may be seated in groove 302 prior to 



information may be provided so as to be observable on the 
upper surface of conductor carrier 100. For example, some 
integrated circuit manufacturing processes include marking 



Alternatively, the sealing ring m 
seal is formed w 



oved from between 



' be formed of a mate- : 
substantially air-tight 
ther gas, is partly or 
conductor carrier 100 
ealing ring material of 



tsely impact the oper 
> of any of the integrated circ 



In other 



s upper 



cally made for i 
is, it is preferable for th 
conductor carrier be gr 

sealing gasket m 
carrier and the wi 

Referring to FIG. 4 



without the a groove being pres 



is presented which generally shows first 
major sunace iu4, and more particularly shows circumfer- 
ential groove 302, a port of evacuation pathway 214, and an 2; 
array of bottom-side electrical contacts 108. The array of 
bottom-side electrical contacts are typically arranged so as 
to correspond to the physical layout of thf - — - 



locations on the wafer from which the information was 
.5 obtained. FIG. 6 illustrates the provision of information on 
the upper surface of conductor carrier 100. Referring to FIG. 
6, information is shown as text 602. 

As illustrated in FIGS. 4 and 5, typical embodiments of 
the present invention include conductor carriers that are 
:o substantially circular. By providing a shape that reflects that 
of the substrate to which it will be attached, embodiments of 
the present invention are well suited to provide connection 
its throughout the underlying substrate. Those skilled 
% and having the benefit of the present disclosure will 



■ of tin 



to FIG. 5, a schematic top v 
carrier 100 is presented which generally shows second major 
surface 106, and more particularly shows a port of evacu- 
ation pathway 214, an array of top-side electrical contact 
110, and a street map 502 suitable for providing guidance to 
a wafer sawing operation. In conventional integrated circuit 3: 
manufacturing processes, a space, or scribe street, is formed 
between each of the integrated circuits on the wafer. This 
space is sometimes referred to as a scribe channel, a scribe 
" ' " St. Regardless of the name 



>n with FIGS. 2 and 3, a 
led in connection with a 

/e embodiments of the 
er may be attached to the 
/ably, through the use of 
suitable 



to singulate, or 



wafer 4C 



in may be integrated 



integrated circuits from the wafer may be referred to as 
cutting, sawing, or scribing. In order to properly perform the 
process of separating, it is preferable that the scribe street be 

may be properly aligned to the wafer. However, the scribe 

attached to the wafer. To overcome this lack of visibility, the 
conductor carrier may be provided with a "street map" 502 
' e., singulatio 

underside 104 of conductor carrier 100. Since conductor 
er 100 is aligned to the underlying wafer, a cutting, or 
ng operation can be guided by the visible markings 



producing individual integrated cir 



the insulating 

o the conducto 
le attachment, 

dissolvable in 



the 



In a further alternative arrangement, an 
bonding, material used for attaching a conduct 
wafer, may be heat or light activated. It is note 
adhesive, within the scope of the present inven 
" Dr light. 



i still further altemath 
disposed between th( 



of solder bumps 
1 the wafer. Bond- 
achieved by heating the solder bumps with laser energy. A 
laser may be directed through the conductor carrier such that 
energy is deposited in a solder bump, or solder ball, disposed 
between a contact pad of the conductor carrier and a contact 
pad of the wafer. A plurality of such soldered co 
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Various embodiments of the present invention provide 
means for permanently or removably attaching additional 
interconnect lines to one or more fully fabricated integrated 

An advantage of some embodiments of the present inven- 
tion includes providing one or more electrically conductive 
pathways which can be coupled to c 



plurality of electrical i 



tacts of a plurality 



its of the present 1 
invention is that the conductors provided by the conductor 
carrier may be thicker, or of a different material, than is 
possible to provide on the integrated circuit itself. 

It is noted that many alternative embodiments in accor- 
dance with the present invention are possible. In one such 1 
alternative, the pathways provided by embodiments of the 
present invention are optical pathways rather than electrical 
pathways. Other alternative may include both electrical and 
optical pathways. 

limited to the embodiments described above, but encom- 
passes any and all embodiments within the scope of the 
subjoined claims and their equivalents. 
What is claimed is: 

1. An apparatus, comprising: 2 
an electrically insulating body having at least two major 
surfaces; 

a first plurality of electrical contacts disposed on a first 

major surface of the body; 
a second plurality of electrical contacts disposed on a 3 



electrically insulating body is disposed on the wafer, 
the first plurality of electrical contacts and the corre- 
sponding plurality of electrical contacts are in direct 
mechanical and electrical contact. 

2. The apparatus of claim 1, wherein the evacuation 
sealing means comprises an integral valve. 

3. The apparatus of claim 1, wherein evacuation sealing 
means comprises a removably attachable tape. 

4. The apparatus of claim 1, further comprising a circum- 
ferential groove disposed in the first major surface and 
adapted to receive a sealing ring. 

5. The apparatus of claim 1, further comprising an annular 
groove disposed on one major surface of the electrically 
insulating body, the groove adapted to receive a searing 



6. The apparatus of claim 5, wherein the sealing n 
comprises an O-ring. 

7. The apparatus of claim 6, wherein the sealing n 



10. The appa 
of electrical cc 



in these 



ond plurality 



a plurality of elt 



as disposed in the body, be 



as to provide electrically conductive paths between at 
least a portion of the Brst plurality electrical contacts 35 
and a corresponding portion of the second plurality of 

lating body; P and 
an evacuation pathway sealing means disposed on the tc 

wherein the first plurality of electrical contacts have a 
layout arranged to match a corresponding layout of a 



lets comprise gold, 
us of claim 1, wherein the 
icts comprise nickel plated copper, 
us of claim 1, wherein the second plurality 
icts comprise conductive elastomer, 
atus of claim 1, wherein the evacuation 
g means is adapted for connection to a 

iratus of claim 1, wherein the evacuation 



insulating body comprist 
the electrically insulatinj 
15. The apparatus of 
insulating body is dispoi 



